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PREFACE

The durabllity of asphaltic materials has been studied by
the Organic Materials Section of the Division of Buillding
Research and others for several years. Asphalt 1s one of the
oldest engineering materials and since it 1s extensively used
throughout the world it is also the subject of research by dif-
ferent organizations. This technical translation 18 a report
of the work undertaken on this study in Japan. This report
contains the results of the work of several research organiza-
tions after a six-year cooperative research programme under the
direction of Prof. Hamada of Tokyo University.

The results are divided into five sections, a general
summary, and results of natural exposure, accelerated exposure,
chemical resistance and freeze-thaw tests. Included in these
are some Interesting correlating studies between natural and
accelerated weathering and between durabllity and the chemical
and physical properties of the asphalts.

The Division of Building Research 1s grateful to Mrs.
H.J. Kondo for her work in making this translation.

Ottawa R.F. Legget
August 1964 Director
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DURABILITY OF ASPHALTIC MATERIALS

PART 1

Structural Asphalt Research Committee
Chlef Researcher: Full member M, Hamada*
Co-Researcher: Full member K. Kishitani*®

and 16 others¥**#

1. Introduction

Asphalt and i1ts products are widely used in various parts of bulldings
for waterproofing, vapour-proofing and for resistance to chemicals. However,
there has been little research on the durabillity of asphalt, and there 18 still
much to be learned about the qualitles and properties that contribute to this
characteristic. Recently research has been carried out at various places on
asphalt products (e.g. roofing, felt) and results are forthcoming. Investiga-
tions on the durability of asphalt, however, require many years'! work by an
organized research committee. The present committee was formed by a number of
Investigators concerned with asphalt products and has been devoting itself to
this problem for the past six years. During that time various durability in-
vestigations have been carried out and much basic information has been
obtailned, However, studies will have to be contlnued on the improvement of
quality with a view to greater durability. The committee has brought together
the results of 1its research since ilnauguration, and these are now published
here together with the tentative conclusions that have been drawn.

The research was carried out under a 1955 Ministry of Education scientific
test research grant,

2. Outline of Research Programme

2.1 Categories of research and research organizations

To carry out the Iinvestigations the programme was broken down into the
following categories assigned to various research committees:
a. Coordination: Research guidance, administration of committees, Tokyo
University, M. Hamada

* Tokyo University, Professor of Engineering
*% Tokyo University, Assistant Professor of Engineering
*#%#% Names of researchers are given in the main text
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Literature search: Showa Petroleum Co. Ltd., Shlnagawa Laboratory
. Preparation of asphalt test material: Tokyo University

d. Testing of properties: Showa Petroleum Co. Ltd., Technlcal Dlvision,
Shinagawa Laboratory; Showa Chem. Ind. Co. Ltd.; Tajima Applied Chem.
Co. Ltd.; Hokkaido University

e. Natural exposure testing: Tokyo Unilversity; Hokkaildo University;
Tajima Applied Chem. Co. Ltd.

f. Accelerated aging tests: Tokyo University; Showa Petroleum Co.,
Technical Division, Shinagawa Laboratory; Tajlma Applied Chem. Co. Ltd.

g. Chemical resistance testing: Showa Petroleum Co. Ltd., Technical
Division, Sekiya Factory

h. Freezing and thawlng tests: Hokkaldo University.

Members of research committee (at the time of inauguration)
Tokyo University: M. Hamada, K. Kishitani, M. Koike
Hokkaido Unilversity: C. Itakura, T. Sugahara, A. Nakajima
Showa Petroleum Co. Ltd., Technical Divislon: B. Urakawa

Showa Petroleum Co., Shinagawa Laboratory: A. Wakana, E. Kikuchi,
T. Hirokawa

Showa Petroleum Co., Seklya Factory: I. Nakamura

Showa Chem., Ind. Co. Ltd.: H. Kariya, R. Fujikawa, K. Tokura

Tajima Applied Chem. Co. Ltd.: E. Tajima, K. Shinozaki, H. Sato,
N. Fushimi.

2.2 Outline of the research programme

This research was started in April 1955 and brought to a close in June
1961, a period of 6 years and 2 months. First, a number of petroleum refining
companles 1n the country were asked to obtaln the test material (both blown
and straight asphalt) and a wide varlety of samples of asphalts in use at the
time was obtained. These were distributed among the above-mentioned investi-
gators who carried out thelr tests and then held regular committee meetings to
discuss them.

3. Outline of Research Findings

3.1 Literature survey

References concerning structural asphalt were selected from Chemical
Abstracts (1945 - 1955.7), which were classified under the two headings con-
sStruction and durability, and summarized. A summary of information on asphalt
additives was compiled from two or three references, which may be outlined as

follows:
(a) Construction: Asphalt 1s used for roofing, floors, Jolnted boards,

paint, waterproofing, insulation, etc., the important point beint to choose the
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right quality for the gilven purpose. To improve specific properties various
additives are often employed. For example, for roofing blown asphalt with a
penetration of 10 - 30 18 normally used for the surface coating and should
show good water resistance, weather reslstance and compatibility, with a small
low-temperature susceptibility, a small low-temperature brittleness and little
tendency to form bubbles, physical and chemical stability and a high flash
point. The addition of 10 - 20% mineral matter 1s powdered or fibrous form
increased the weather resistance, insulating power and impact resistance.

(b) Weather resistance: Asphalt 1s affected by the weather (air, sun-
light and humidity) and in time will deteriorate due to oxidation, polymeriza-
tions, ete., as a result of which 1t becomes brittle, cracks and is no longer
fit for use. The general property changes are as follows: the colour becomes
paler; the uniformity deteriorates; the material loses its gloss; the density,
viscosity, hardness, hardening point, softening point, flash point, carbon
component and asphaltene component increase. The spreading rate, shear
strength, adhesive power, volatility, CS,, naphtha, soluble petroleum and oil
components decrease,

There are two methods of testing the weather resistance - the natural
exposure test (outdoor exposure test) and the use of the weatherometer in the
laboratory. The weather resistance of asphalt depends on the qualities and
processing method of the crude oill, but with the ald of various additives 1t
can be lmproved. Possible additives include oxidation inhibitors, powdered or
fibrous mineral matter, fats, naphthenates, natural and synthetic resins, and
rubber.

(¢) Asphalt additives: In itself asphalt 1s inexpensive, and excels in
water resistance, weather resistance, adhesive power and chemical stability.
With the aid of various additives its specific characteristics may be 1mproved.
For example, adhesiveness may be increased or decreased, viscosity and temper-
ature sensitivity decreased, tensile strength increased, weather resistance,
fire resistance, water resistance and resistance to humidity improved, At the
time of application the raw asphalt and the additives must be selected and
mixed so as to obtain the optimum product for the given purpose.

3.2 Testing the properties of the asphalt specimens

A general test was conducted on the 28 types of asphalt obtained (9
straight and 19 blown). The results are shown in Table I, Under several of
the headings the measured values of both Showa Petroleum and Tajima are given,
and there 1s a slight difference between them in some cases. The distribution
of properties 1s given in Table II. These results were to be compared with
various future tests results.



3.3 VWeather resistance tests

The outdoor natural exposure tests were carried out at Tokyo University,
Tahima Applied Chem. Ind. and Hokkaldo University. In each case asphalt was
applied to an aluminium panel which was inclined at an angle of 45°, facing
south. The accelerated aging tests with the weatherometer were carried out at
Tokyo University, at TaJima Applied Chem. Ind. and at Showa Petroleum Company.
The test method at Tokyo University was generally the same as the method for
synthetic resin, but at Tajima Applied Chem. Ind. and Showa Petroleum the
A.S.T.M. procedure was followed. The results may be summarized as follows:

(a) After the outdoor natural exposure the asphalt showed a marked in-
crease in the softening point and a decrease 1n penetration and ductility.

The softer the blown asphalt the greater the change in penetration due to
exposure (Showa Petroleum).

(b) After exposure straight asphalt sagged and could not be tested.
(Tokyo Univ., Hokkaido Univ., TaJima).

(¢c) In the course of the outdoor exposure test the cracks in the blown
asphalt penetrated right through to the back over almost the entire area with-
in four years. This was determined from measurements of the electrical con-
ductivity. The number of months needed for more than two-thirds conduction is
about 12 to 48 (Tajima). However, Tokyo University showed a slightly better
result. The results at TaJima Applied Chem. Co. indicated a poorer weather
reslstance than the results at Tokyo University. This could be the result of
an unfavourable environment due to the presence of smoke, and also to the fact
that the underside of the test stand was completely covered with board (there
was none at Tokyo University), causing the temperature to increase in the day-
time. However, the details are not clear.

(d) For blown asphalt it may be sald that the greater the penetration and
ductility, and the lower the softening point, the greater 1s the weather re-
sistance, assuming that the tested asphalts have all been obtailned from the
same crude oll by the same process. This 1s probably because the softer the as-
phalt, the longer it will take for a crack to develop. Similarly in (a) above,
the softer the asphalt, the longer it took to reach a certain penetration, and
1f cracks occur at a certain penetration, there 1s no contradiction here.

"(e) Point (c) applies to blown asphalts 1f derived from the same crude
0il, but not necessarily otherwise. Generally speaking if the [(flash
point) - 2 (softening point)] is above 120°C the weather resistance will be
very good (Tokyo University).

(f) A correlation exists between density and weather resistance. For
blown asphalts, other things belng equal, the smaller the density, the greater
the weather resistance (Tajima).
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(g) There is no correlation between water absorbency and weather
resistance (Tajima).

(h) There is no correlation with the paraffin content (usually several
percent).

(1) For blown asphalt there is a close relationship between the results
of natural exposure tests and the accelerated aging tests wlth the weatherom-
eter (Tokyo Univ., Showa Petroleum and Tajima) with respect to the number of
months of weather resistance.

(3) There seems to be no relation between the chemical component asphal-
tene or the saturated compounds and the weather resistance.

3.4 Chemical resistance tests

Asphalt itself is highly resistance to 80%, 504 and 12% sulphuric acid
and to 10% hydrochloric acid, but the acid often penetrates the surface coat
to reach the ferrous material inside, resulting in expansion and oxidation.
The addition of diatomite, natural or synthetic rubber aggravated this effect.
Against salts such as ammonium sulphate, asphalt itself 1s resistant. Nearly
all asphalts are discoloured by alkalis.

3.5 Freezing and thawing tests

In cold regions all parts of a building undergo repeated freezing and
thawing. The freezing and thawing test was therefore carried out on asphalt
mortar. When freezing and thawing are repeated 20 times on straight asphalt
air bubbles form and the surface becomes pitted; however, when the testing is
carried beyond the 20 repetitions the surface recovers its original appearance
before 40 cycles have occurred. Blown asphalt does not show much outward
change. In the ductility test, however, straight asphalt shows a slower rate
of decrease than blown asphalt. Straight asphalt seems to be the more
resistant to repeated freezing and thawing. The air bubbles probably develop
i1n the 1initial stages of freezing and thawling because the water absorbency of
regular asphalt 1s greater than that of blown asphalt.

4, Conclusion

The present report has reviewed the literature on the durability of
asphalt, and given the findings from the general test of properties. The re-
sults of natural exposure tests, accelerated aging tests, chemical resistance
tests and freezing and thawing tests made by the various assigned investiga-
tors have been discussed. Clarification of the durability of asphalt is a
very difficulty problem and this research has only succeeded in discovering a
few characteristics and relations pertaining to quality and durability. How-
ever, 1t 1s to be hoped that efforts will be continued with the cooperation of
the various parties concerned.



PART 2. Natural Exposure Test Results

Structural Asphalt Research Committee
Chief Researcher: Full member M. Hamada*
Co-Researcher: Full member M. Kolke*#

and 16 others

1. Aim

As a contribution to the research on the durablility of structural asphalt
the purpose was to conduct natural exposure tests with a view to assessing the
durability of asphalt and effecting improvements 1in quality and usage.

2. Test Material and Specimens

The tests were carried out on 18 types of blown asphalt and 10 types of
straight asphalt. For the results of tests on the general properties see
Part 1.

The specimens were produced as follows. First the asphalt was heated to
180°C and melted; it was then poured on an aluminium panel (90 x 150 x 1.6 mm)
and rolled to a thickness of 0.6 - 0.7 mm with a special pre-heated roller.
Finally the surface was heated with an infrared lamp and given a smooth,
uniform finish.

3, Test Method

Tests were carried out at Tokyo University, Hokkaido University and
Tajima Applied Chem. Ind. Co., all using the same test materlal. The specimens
were exposed facing south at an inclination of 45°. Table III gives details
of test location and methods applied to the Jjudging of the results.

4, Test Results

4.1 Blown asphalt

The surface generally lost its lustre after 1 - 2 months. In the early
stages of exposure, tiny wrinkles appeared on the surface of most of the
specimens, but this 1s a superficilal change and does not develop directly into
a crack.

* Tokyo University, Professor of Engineering
*¥* Ministry of Construction Architectural Research Institute researcher
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The time of occurrence of cracks varied widely, depending on the location.
Tajina Applied Chem. Ind. was the earliest, then Hokkaido University and
finally Tokyo University. In what follows the results are discussed according
to test location.

Tolcyo University. None of the test materials developed cracks until the

third year. From the fourth year on cracks started to appear, and at 5 years

5 months, 7 of the 18 types had no cracks, 11 had cracks (6 few, 5 many). No

pronounced sagging of the test material could be observed (see Fig. 1).
Hoklkaido University. After 2 years and 4 months of exposure 8 of the

asphalts still had no cracks, while 10 showed cracks (6 showed few, 4 many)
but none of the cracks had reached the aluminium panel, A sliding of test
material was observed in one type of asphalt.

Tajima Applied Chem. Ind. Co. Compared with the two places mentioned
above, cracks occurred early, After one year, 6 of the asphalts had cracks

reaching the aluminium panel, and after 3 years this number had increased to
16. After 4 years all the asphalts had cracks reaching the aluminium panel on
over two-thirds of the total specimen area. There were also 5 asphalts that
showed cracking of the test material.

Thus, there were marked differences in the results for each location.
Nevertheless, when the test materials are classified into 3> categories of
excellent, good and fair, the results run parallel in the manner shown in
Table IV. To the results from Tajima Applied Chem. have been added the number
of years 1t took for cracks to develop over two-thirds the total test material
area, Table V gives the results of characteristics of the material after 5

years and 5 months exposure at Tokyo University.

4,2 Straisht asphalt

Generally speaking the softening point is low compared with the exposure
temperature, so that most of the test matcrial showed some slidlng. From an
early stage of exposure the surface lost 1ts lustre and developed a wrinkled
film. In time, however, thils film broke on the surface and the inner asphalt
surface appcared, presentlng a glossy, I1rregularly lined appearance. This
process was repeated and gradually, as the crumbled surface was washed away by
the rains the specimen decreased in thickness, and 1ln some cases the support
was even lald bare. The followlng is an outline of the results for each test
location.

Tokyo University. After 5 years and 5 months of exposure all specimens

had undergone some sliding, which, however, had ceased. The surfaces showed

fine wrinkles, some with a coarse pattern, some with a fine pattern. Of the

10 types, » showed exposed panel (Fig. 2). Table VI gives the changes in the
properties of the asphalt due to exposure.
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Hokkaido University. After 2 years and 4 months of exposure, 7 asphalts
showed definite sliding and 3 showed slight sllding. The surface was wrinkled,
but none of the panels were exposed. Generally speaking many pockmarks

appeared.

Tajima Applied Chem. Co. Ltd. After 5 years and 2 months the changes
here were more severe than at the other 2 locations. Of the 10 asphalts
tested only one did not have its foundation exposed, in the other 9 cascs the
surfaces were partially exposed. These specimens also showed traces of severe
sllding, although the process had ceased, Some showed cracks similar to those
in blown asphalt. Those exposed horizontally to avoid creep of the test mater-
ial became uneven, although the creep was slight, and on some of the test
materials the panel was visible. However, on the part where the panel was not
exposed there was no conduction with the aluminium panel.

5. Study of Test Results

The differences in the results due to the location were great,
especially between Tokyo University and Tajima Applied Chem. Co., although
these are in the same city. The reasons for this are not known but the fol-
lowing differences in exposure conditions may be noted. TaJjima Applied Chem.
Co. is in the manufacturing district where there is a great deal of smoke.
The place of exposure is on the ground and the underside of the test plece 1is
boarded so that the temperaturé can rise easily. At Tokyo University the
specimens were exposed on a rooftop and the test piece had no lining board, so
that the ventilation was good. - Thus there was about 10°C difference in the
maximum surface temperatures, 58°C at Tokyo University and 68.5°C at Tajima.
However, the temperature changes were more severe at Tokyo University. The
minimum temperature seems to be especially low, but the difference between the
two is not clear.

For the exposure test at Tajima Applied Chem. Co. the relation between
the number of years until cracks reaching the foundation developed over two-
thirds of the test material area and the physical properties and chemical
conponents 1s as shown in Pig., 3 to 10. (The physical properties are values
measured by Tajima Applied Chem.)

The water absorbency rate and the paraffin content show no interrelation
with the weather resistance.

The greater the penetration, ductility and flash point, and the smaller
the softening point, density and the asphaltene content, the better the
weather resistance; however to deduce the weather resistance from these prop-
erties would involve too great an error. This relation can be accurate for
blown asphalts derived from the same crude oil by the same process. Figure 9
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shows the relation of weather resistance to the kind of crude oil and to the
softening point. There are not many specimens divided according to crude oil,
but in the case of Arabian crude oill, as an example, we see that the lower the
softening point the better the weather resistance. However, this relationship
does not hold between different kinds of erude oil,

We now consider two physical properties in relation to the weather
resistance., Figure 10 shows the relation of weather resistance to softening
point and flash point. The physical properties are the measured values of
Showa Petroleum; the weather resistance used was the composite result from
Table IV. According to this diagram, the straight line for [(flash point) -
2(softening point)] = 120°C seems to divide the weather resistance into good
and bad. Therefore the hypothesis: "If [(flash point) - 2(softening
point)] 2 120°C, weather resistance 1s good" is studied by x* distribution.
The physical properties differ somewhat depending on the source of the test
material and the observer, so by taking the measurement results of both Showa
Petroleum and Tajima Applied Chem., we get an error of 0.5%, as in Table VII,
and the hypothesis stands up.

In Table VIII we present the relation between the penetration of asphalt
after exposure at Tokyo University and the weather resistance. In measuring
the penetration, the whole test material was.re-melted, so that the penetration
of the specimen surface will be less than the value shown. This test showed
that the 1limit of crack occurrence is at a penetration of about 5 to 7. The
increase in the softening point was 27 - 58°C or 25 -~ 732% of the initial value.
The decrease in ductility was striking, falling to less than 0.5 cm in all
test materials,

5.2 Straight asphalt

Straight asphalt has a low softening point, which resulted in sliding.
For building purposes this fact would not be taken into account by itself, but
care 1s necessary on this point.

The wrinkles produced on the test material surface at the beginning of
exposure scem to be due to oxidation. As agling progresses, the oxidized film
contracts and breaks, exposing a new asphalt surface. This process 1is repeated
and the test material gradually oxidizes and becomes powdery from the surface
inwards and is washed away by the rain.

In Hokkaido eruptions like pockmarks developed on the surface, but this
was probably due to the absorption and freezing of water in pinholes.

As shown 1in Fig. 11, the decrease in penetration and the rise in soften-
ing point which accompany the aging of straight asphalt follow different
courses from those of blown asphalt. After aging, the softening point of
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straight asphalt is lower than that of ordinary structural blown asphalt of
equal penetration and in close to that of what used to be called blown asphalt
B. 'The penetration decreased by 53 - 70%, the softening point increased by

12 - 52%.

6. Conclusion

Since the test materials were obtalned six years ago, they may differ 1in
some respects from those derived from the crude oills being imported today.
However, the conclusions drawn from the results of these tests are as follows,

6.1 Blown asphalt

(1) For blown asphalts derived from the same crude oll by the same
process, the weather resistance seemed to improve with increasing penetration,
ductility and flash point, and with decreasing softening point and density.
However, the lowest softening point suiltable for the conditions of application
should be determined,

(2) The natural exposure resulted in notable decreases in penetration and
ductility and marked increases in softening polint. The penetration at the
time of crack occurrence was around 5 - 7. The rise in softening polnt was of
the order of 27 - 58°C, an increase of 25 to 73% compared with the original
softening point. The ductillity was below 0.5 cm in all cases,

(3) It cannot be sald that the number of test materilals was absolutely
sufficient, but by taking those showing [(flash point) - 2(softening point)] 2
120°C there 1is a high probability of obtaining a good .weather resistance.

(4) The weather resistance differs greatly with the location of exposure,
but the sequences of the changes are closely parallel,

6.2 Straight asphalt

(1) Compared with blown asphalt, the time until cracks appear is long,
but since the softening point 1s low there 1s a risk of slippage, so that
great care 1is needed in application.

(2) Straight asphalt which as aged showed a lower softening point in this
test compared with ordinary blown asphalt of equal penctration, and came close
to that of what used to be called blown asphalt B. The decrease in penetra-
tion was 53 - 70%, the increase in softening point 12 - 52%.



PART %. Accclerated Aging Test Results

Structural Asphalt Rescearch Committee
Chief Researcher: Full member M, Hamada*
Co-Researcher: Full member E. Tajima%*%*

and 16 others

1. Introduction

In this report, as a-further step in the durability studies of construc-
tional asphalt, accelerated aging tests were carried out on blown asphalts
with the aid of the weatherometer. The results were compared with those
obtained from the natural exposure tests, their interrelationships were exam-
ined and a study was made of the relation between the properties of the
asphalts and their durability., That is to say, the results of accelerated
aging tests conducted by four different methods are compared with the results
of the natural exposure tests conducted in the Adachi Ward of Tokyo City,
followed by a discussion of the relation of the results from one of the four
methods of accelerated aging to the properties of the asphalt with respect to
penetration, softening point, ductility, density, paraffin content and water
absorbency.

2. Test Material

The test material was the same as in Part 2, i.e. 18 kinds of blown
asphalt were applied on aluminium panels (75 x 150 x 1.6 mm) in a thickness of
0.6 - 0.7 mm., Table IX shows the properties of these test materials.

3. Test Method

(1) Accelerated aging method WE-2
Accelerated aging was carried out for 700 hours using Toyo Rika's

weatherometer model WE-2. This corresponds to the amount of ultraviolet rays
received during a nominal 3% years of natural exposure.
Test conditions:

Carbon arc 2 lamps
Lamp specifications 120 - 140 v, 15 - 18 amp
Temperature inside apparatus 50°C

* Tokyo University, Professor of Engineering
*% TajJima Applied Chem. Ind. Co. Ltd., Managing Director, Dr. of Eng.
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Vater sprinkling 6 min every 30 min
Rotation of drun supporting
the specimen 1 rpm

The condition of the test material after 700 hours 1n the weatherometer
was categorized as follows: no cracks .... o, few cracks .... A, cracks over
the whole surface .... X, melted and slumped .... m; the durabllity was then
determined.

(2) Accelerated asing method C-2

The same apparatus as in (1), Toyo Rika WE-2, was used and the tests
were carried out on the basis of the C cycle method(l) as laid down in the
ASTM Standards.

Test conditions:

Carbon arc 2 lamps

Lamp specifications 120 - 140 v, 15 - 18 amp

Temperature inside apparatus 60°C

Water sprinkling 12 min every 120 min
continuous operation
for 22 hr

Rotation of drum supporting

the specimen 1 rpm
Cooling 1z hr in air at -23°C

Accelerated aging was carriled out under the above conditions for 10 days,
and during that time the test material was taken out of the cooler every day
and tested for cracks with a pinhole detector.

(3) Accelerated aging method C-1

The tests were bvased on the C cycle method(l) laid down in the ASTM
Standards.

Test conditions:

Carbon arc 1 lanp

150 - 145 v, 15 - 17 amp
Temperaturc inside apparatus 60 + 2°C
Water sprinkling from fixed nozzle once every

20 min continuously for 22 hr

Rotation of drum supporting
the specimen 1/20 rpm

Cooling 12 hr in air at -23°C
Accelerated aging was carried out under the above conditions until cracks
developed over the entire specimen surface. After each cycle the specimen was
removed from the cooler and any cracks reachiﬁg the aluminium panel were sub-
mitted to an electrical conductance test with an ohmmeter(B). The durability
was assessed in the following manner: the test material surface was divided

into 15 sections and the number of cycles required for conductance to occur
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over two-thirds of the specimen area, that 1s, over 11 sections, tas taken as
an 1Index of durabilivy.

(1) Accelerated aging method 51-9C

The testing machine is made up of the weatherometer and an apparatus
which sprinkles water of +5°C at intervals. The test was carried out by the
51-9C cycle method ?) deseribed in ASTM Bull. 69, April, 1956.

lTest conditions:

Carbon arc 1 lamp
130 - 145 v, 15 - 17 amp

Temperaturce inside apparatus 60 + 2°C

Water sprinkling water of +5°C for 9 min
every 60 nin from fixed
nozzle

Rotation of drum supporting
the specimen 1 rpm

Accelerated aglng was carrled out under the above condltions until cracks
c¢eveloped over the whole speclmen surface, and durlng that period electric
conductance tests 3) were made every 20 hours wilth an ohmmeter to determine
whether there were cracks reachling the aluminium board. The durabllity 1lndex

was obtained 1in the same way as for the accelerated aging method C-1.

4, Test Results

Table XTI shows the results of durability tests by natural exposure and
by the four accelerated aglng methods.

5. Comments on the Test Results

5.1 The interrclation between accelerated aging and natural exposure test

results

(1) WE-2 acceleration method and natural exposure

The method of determining durability in thls test was to show the condi-
tion of the test material after 700 hours of accelerated aging and after 53 yr
of natural exposure, using the o, x, 4, m symbols mentlioned previously. Of
these, m was excepted because of the difficulty 1n assessing durabllity with
it. TFor the other symbols, the reciprocity of the test results of natural
exposure and accelerated aging was examined@ by x2 distribution. The results
of the examlnation showed a risk ratio of 5%, which 1s not useful. However,
at a risk ratio of 10% there is significance and there seems therefore to be

some correlation.

(2) The €-2 method and natural exposure

Since durabllity is assessed in the C-2 acceleration method by the number
of cycles at which the test material first shows conductance, we thus used
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from the natural exposure tests the number of months at which the conductance
first appears and the following correlation coefficient was obtained:

r = 0.543 (n = 18) [r - correlation coefficienf}
n - no. of samples

0.542 > r(18-2, 0.05) = 0.455

Thus a correlation can be saild to exlst between the C-2 method and the
natural exposure method. One cycle in the C-2 method corresponds to 4.53
months of natural exposure, and the acceleration factor is about 140.

(3) C-1 method and natural exposure

The C-1 method indicétes the durability by the number of cycles at which
more than two-thirds of the test surface shows conductance, we thus took the
number of months in the natural exposure tests at which a similar conductance
was found. The following correlation coefficient between them was obtained:

r = 0.755 (n = 18)
0.755 > r(18-2, 0.01) = 0.589

This 1s highly significant and correlation may be said to exist between
the C-1 method and the natural exposure method. One cycle of the former
method corresponds to 1.43 months of natural exposure and the acceleration
factor is about 44,

(4) The 51-9C method and natural exposure

The correlation coefficient between the 51-9C acceleration method and
natural exposure was obtained 1h the manner described above, i1.e. for conduc-

tance over more than two-thirds of the test area:

r = 0.827 (n = 17)
0.827 > r(17.2, 0.01) = 0.605
This is again highly significant and a correlation may be said to exist

between the 51-9C method and the natural exposure method. The acceleration
factor by this method i1s about 57.

5.2 Study of the four accelerated aging methods

As mentioned above, of the four accelerated aging methods, C-2, C-1 and
51-9C show correlation with the natural exposure method. Of these, however,
the 51-9C method has the largest correlation so this method must be the most
sultable for the durability testing of blown asphalt. No correlation with
natural exposure was obtained for the VWE-2 method, but this 1s probably because
the method of assessment was by symbols, and since m was omltted from the
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examination as unsultable for assessment purposes the number of samples was
greatly reduced.

5.3 On the properties of test material and durability (51-9C method)

(1) Penetration and durability

Taking the functional relation between the penetration from Table IX and
durability test results obtained by the 51-9C method of Table X by the method
of least squares, we get

y = 12.9 x + 142, 4%.c.... (1)

where x = penetration, y = durability in hours

Equation (1) is represented in Fig. 12 by the line AB. According to
equation (1), then, greater the penetration, the greater the durability. The
correlation coefficlent is r = 0.876% (n = 17), which is highly significant.
However, when the kinds of crude oil and the manufacturing methods differ
these factors do not always coincide. In another investigation by the present
authors the results showed that with blown asphalt obtained from the same kind
of crude o0il by the same manufacturing method, the durability increased with
increasing penetration.

(2) Softening point and durability

When the relation between the softening point and the durability is
obtained by the method of the least squares, then as above

y = 1275 - 9.45 x*...... (2)

where x = softening point in °C, y = durability in hours

Equation (2) is represented in Fig. 13 by the line CD. Equation (2)
shows that the higher the softening point, the poorer the durability. The
correlation coefficient 1s r = -0.67* (n = 17), which is highly significant.

In this instance, as 1n the previous one, when the kinds of crude o1l and
their manufacturing processes differ, they do not always agree. However, in
another investigation by the present authors on blown asphalts obtained from
the same crude oil by the same manufacturing process, we found that the greater
the softening point, the poorer the durability.

(3) Ductility and durability

Vhen the relation between ductility and durability is obtained in the
above manner then

Yy =91.2 x + 157%...... (3)
where x = ductility in cm, y = durability in hours

¥ Error 1n original; corrected by technical editor.
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Equation (3) 1s represented in Fig. 14 by the line EF. Equation (3)
shows that the greater the ductility, the greater the durability. The cor-
relation coefficlent is r = 0.503* (n = 17) and 1s significant. Here again as
in the case of softening point and durability, another investigation by the
present authors showed that for blown asphalts obtained from the same crude
01l by the same manufacturing process the greater the ductility, the greater
the durability.

(4) Density and durability

When the relation between density and durability is obtained in the above
manner then

y = -569000 x + 59654.+.... (%)
where x = density in g/cc, y = durability in hours

In Fig. 15, equation (4) is represented by the line GH. According to
equation (4) the greater the density, the poorer the durability. The cor-
relation coefficient is r = -0.633 (x = 17) and is highly significant.

(5) Paraffin content and durability

When the correlation coefficlent of the paraffin content and the durabil-
ity is obtained in the above manner we get r = -0.382 (n = 17). This is not
significant, 1.e. there 1s no correlation between paraffin content and
durability.

It has formerly been held that the paraffin content harms the quality of

asphalt, and especilally at low temperature tends to harden it and make it
brittle. It has also been reported that up to 4.5% the paraffin content has
no appreciable influence on the durability, but no confirmation of this was
obtained from the present investigation. In another investigation by the pre-
sent authors in which paraffin wax was added to blown asphalt the paraffin
component separated out during the durability test and as a result the durabil-
ity was poor. However, this added paraffin 1s of a different kind to what is
found naturally in the original asphalt, so that it cannot be said definitely
that the size of this native paraffin content affects the durability. Further-
more, since the kind of solvent used in measuring the paraffin component and
the difference 1n the separation temperature will influence the result, the
relation between the paraffin content and the quality of the asphalt requires
further study.

(6) Absorbency and durability

When the correlation coefflcient of absorbency and durability is obtained
in the above manner we get r = -0.12 (n = 17), which 1is not significant,

¥ Error in original; corrected by technical editor.
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i.e. no correlation could be observed between absorbency and durabililty.

6. Summary

As a contrlbution to the study of the durabillity of structural asphalt,
18 kinds of blown asphalt were obtained from Japanese petroleum refining
companlies and the durability was measured by natural exposure and by acceler-
ated aging tests on test coatings 0.60 - 0.70 mm thick. The accelerated aging
methods were studlied by correlation with the natural exposure tests. The
relation between the various propertles of blown asphalt and their durabillity
was studled and the following conclusions were reached,

(1) of the four accelerated aging methods empioyed the C-2, C-1, 51-9C
methods showed a correlation with durabllity, the latter two
especlally exhibiting a very close correlation.

(2) Of the four accelerated aging methods, the 51-9C method seems to be
most sultable for characterizing the durability of blown asphalt.

(3) The kind of asphalt manufacturing process by which it 1s obtained
from the crude oil seems to have an influence on the durabllity.

(4) For blown asphalts obtained from the same crude oil by the same pro-
cess 1t may be sald that the greater the penetration and the ductility
and the lower the softening polnt, the greater the durability.

(5) Between density and durability a negative correlation was found.

(6) No correlation was found between the paraffin content or the
absorbency rate and the durability.
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PART 4. Chemical Resistance Test Results

Structural Asphalt Research Committee
Chief Researcher: Full member M. Hamada*
Co-Researcher: R. FuJikawa**

and 16 others

1. Introduction

This investigation consisted in testing the resistance of asphalt to
acids and alkalis and was conducted at Showa Petroleum Co., Niigata 0il
Refinery, Sekiya Branch Factory, as one phase in the "Research on the durabil-
ity of structural asphalt".

As indicated in Part 1 of this Joint study, 19 types of blown asphalt,

8 straight, 1 compound, i.e, a total of 28 kinds, were submitted for testing.
In one part of the acid resistance test, an additional 6 types of asphalt

(1 blown, 4 straight, 1 compound) from other crude oils, and compounds of
asphalt with rubber or other inorganic fillers added were also tested.

2. Chemicals Used in the Tests

1. Alkall resistance test Saturated lime solution
i11. Acid resistance test Sulphutic acid 80%, 50% and 12%
Hydrochloric acid 10%
(Salts) Ammonium sulphate 15%

3. Types of Asphalt tested

Tables XII and XIII show the type and properties of the asphalts and
compounds tested in addition to the 28 kinds listed in Part 1.

The Johns Manville Company asphalt in Table XII is a mixture of Flux No.5
(penetration 7, softening point 110°C) and No.16 (penetration 24, softening
point 73°C) in a ratio of 1 : 1.

Table XIII lists the additives that were combined with two kinds of
asphalt, No.18 (straight 20 - 30) and No.23 (blown 20 - 30) to produce com-
pounds. In the course of preparation No.18 was heated to 150°C, No.23 to
200°C. The respective additives were then added to them and the mixtures were
stirred for 30 minutes at these temperatures.

* Tokyo University, Professor of Engineering
*%* Showa Chem. Ind. Co., Research Section Chief
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L4, Preparation of Test Specimens

1. Alkall resistance test
A glass rod 200 mm long, and 15 mm in diameter was 1mmersed in the molten

test asphalt; the asphalt was made to adhere to the lower 120 mm of the glass
rod, which was then drawn out, left to cool and used for testing. The melting
temperature of the straight asphalt test material was 120°C, that of the blown
asphalt 200°C.
11, Acid resistance test

| A steel rod 200 mm long, 10 mm in dlameter was immersed in asphalt as for
the alkall resistance test; a film about 170 mm long was made and used as the
test specimen.

5. Test Conditions

Test specimens prepared in the above manner were dipped in alkali and
acld solutions in test tubes, to depth of 150 mm. These were left standing at
room temperature and the changes in the asphalt were observed at intervals.
For the alkalil resistance test with calcium hydroxide liquid paraffin was used
to seal the top of the solutlion from the alr in order to avoild a reaction of
the calcium hydroxide with atmospheric carbon dioxide. Three of the test
speclimens were prepared for each type of asphalt.

6. Test Results

i. Alkall resistance test

Table XIV shows the results. With the exception of No.6 and No.19 all
specimens changed colour to greyish white or brown. However, none showed
cracks or abrasion. Generally, in the process of changing colour in the course
of time they first turned more or less greyish white, then grey and finally
greyish brown. At this point some of the specimens developed small wrinkles.
In the straight asphalts the inside, where asphalt adheres to the glass sur-
face, generally had a glossy appearance, but many of the blown asphalts had
lost theilr lustre. The extent of the discolouring also differed on the front
and back of the test specimens. A similar difference was also observed
between the part of the specimen that was in the shadow of the label pasted on
the test tube and the part not so covered. This phenomenon 1s probably due to
the influence of light. Thus the underside of the specimen and the part
hidden by the label underwent comparatively little change of colour.

The inside of the asphalt observed from the cut end had a lustre and the
layer that had changed colour was thin. For the most part the immersion
solution showed no change.
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The numbers in the last column of Table XIV stand for the corresponding
colours in the Colour Sample Book of the Japan Paint industry Assoclation
Standards. Where two numbers are bracketed together this signifies a colour
midway between the two. An asterisk indicates the colour of the underside or
the part under the label.

11. Acid resistance test

Table XV shows the results of tests on 28 kinds of asphalt using 80%
sulphuric acid. Generally speaking, no tendency towards corrosion etec. can
be observed on asphalt, but cracks, bulges and air bubbles form. This must be
because the acid solution penetrates to the 1nside through pinholes in the
coating and reacts with the iron to form a sulphate which expands and forms a
bulge beneath the surface coat. This eventually leads to cracking and
exfoliation,

Table XVI shows the results of tests using 80% sulphuric acid on com-
pounds of No.18 (Klamono, regular 20 - 30) and No.23 (Klamono, Kuwait, blown
20 - 30) with rubber and other additives. Regardless of the additives or the
kind of asphalt, by 30 - 70 days all showed cracks and flaking off of the
coating, while in the acid solution a great deal of precipltation was observed.
This was due perhaps less to any direct effect of the additives, than because
of the fact that their presence was detrimental to the impermeability of the
coating. As a consequence the acid solution could penetrate deeper and
facilitated the above-rmentioned chemical reaction between the acid solution
and the iron, and hence also the disintegration of the coating.

Table XVII shows the test results for the other six kinds of asphalt
agalnst sulphuric acld, hydrochloric acid and ammonium sulphate. 1In each case
there was some transformation, though to different degrees, and in some cases
there was a change of colour in the solution. Ammoniﬁm sulphate 1s a salt
which shows acidity, but the same phenomenon was observed with it.

7. Conclusions

1. With lime-saturated solution, blown and straight asphalts both show dis-
coloration of the coating, but there is no cracking or flaking off, and
durabllity 1s good.

1i. In the presence of sulphuric acid, hydrochloric acid and ammonium sul-
phate all asphalts showed some transformation, exfollation or crumbling.
Generally speaking, blown asphalt appears to have good acid resistance, but
the coating quality does not appear good. Straight asphalt on the other hand
has a pgood quality of coating, but compared with blown asphalt, its acid
resistance is not so good. It would appear, therefore, that the application
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of a regular asphalt coating to blown asphalt would afford a certain degree of
acid resistance.

111. The acid resistance of the compound is not good. However, one cannot say
absolutely that the cause 1s due to the compound 1tself or that it is due to
the properties of the coating made by this compound.



=24

PART 5. Results of Freezing and Thawing Tests

Structural Asphalt Research Committee
Chief Researcher: Full nmember M. Hamada*
Co-Researcher: Full member C, Itakura#*#¥

1. Object and Types of Tests

The purpose of these tests was to study the changes 1n the properties of
structural asphalt due to.repeated freezing and thawing uninfluenced by light.
The tests can be classified as follows:

(1) Observation of outward changes in coats of asphalt applied to
aluminium panels in thicknesses of 0.6 - 0.7 mm and measurement of any changes
of welght.

(2) Measurement of any changes in the viscosity or bonding power of the
thin film (about 0.1p) constituting the asphalt mortar, relative to the grains
of sand.

a. change of density of the asphalt mortar

b. penetration. change of the asphalt mortar

c. changes 1n the cohesiveness of asphalt mortar.

2. Test Method

(1) Freezing and thawing tests of asphalt applied on aluminium panel

With 2 sheets of each kind of asphalt test materilal, applled to aluminium
panels 90 mm x 150 mm in the manner described in Part 2 of this research,
freezing and thawing were repeated 140 times for each .series. After every
twenty repetitions the change 1n welght was measured and at the same time any
visible change 1in the asphalt coatilng was noted. At the beginning of the
experiment, the welght was measured to the nearest 0.1 g, but after 40 repeti-
tions a chemical balance with an accuracy of 0.0001 g was employed.

Freezing temperatures of -10 to -15°C in the low temperature room of the
laboratory were applied for one hour, after which the specimens were thawed by
immersion in water of 20°C for 2 hours.

(2) Freezing and thawing tests of asphalt mortar

a) Test material ,

Twenty-nine types of asphalt (in addition to the 28 varieties of the

* Tokyo University, Professor of Engineering
** Hokkaldo University, Professor of Engineering
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previous report, a paving asphalt with a penetration of 100 to 150 was
included as No.O).

The sand was fine sand from Nishikloka Beach; its physical properties
are glven 1n Table XVIII.

b) Dimensions and numbers of test specimens

Samples measuring 3.6 em x 3 cm. For each varlety of asphalt there were
three specimens for each test.

¢) Composition (percent by welght)

Asphalt 6%, sand 94%, thickness of asphalt coat about 0.1lu.

d) Preparation of tegt specimen '

The asphalt was melted at 60 - 90°C, mixed with sand heated to 100°C and
then stirred for a few minutes at 90 - 120°C. It was then poured into a heated
cylindrical mould, cooled to 40 - 60°C and placed 1n a press to which a pres-
sure of 200 kg/em?® (2,306 kg) was applied. The specimen was then cooled,
removed from the mould and stored in a cold room at 0°C while preparations for
the test were made.

e) The freezing and thawing process

The specimen was placed for 2 hours in a freezing room at -10 to -15°C
after which it was removed from this room and thawed by immersion for one hour
in a water bath at 20°C. This constituted one full freezing and thawing cycle.

f) Measurement

i) Density change

Freezing and thawing were repeated. After every 20, 40, 60, 80 and 100
cycles the weights were measured 1n air and in water and the density was
determined.

i1) Penetration change

The penetration test was conducted at 200 g, 5 sec, 35°C. That is, the
test plece was put in a penetrometer which was filled with water to 5 mm above
the top of the specimen; this was frozen and thawed and the penetration
measured every 20 cycles.

111) Change of cohesiveness

The cohesiveness was measured at 35°C by means of a Page impact tester
with falling welghts converted to 750 g. After the specimen had been subjected
to a glven number of freezing and thawing cycles it was submerged in a con-
stant temperature water bath at 35°C., The impact test was then carried out by
recording the height of the fall of the hammer at which a crack occurred in
the specimen and that at which it broke. This was taken as the cohesiveness
index.
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3. Test Results

(1) The external changes due to repeated freezing and thawing of the
asphalt coats applied to the aluminium panel are indicated in Table XIX,
Table XX shows the changes 1in weight.

(2) Results of freezing and thawing tests of asphalt mortar specimens

a) Changes of density. The results for the 29 varletles of asphalt
mortar were not very clear. The reasons for this are as follows:

1) The freezing and thawing process increased water absorbency and
water could easlly enter the pores of the specimen plece. It was therefore
difficult to determine the density from welght measurements only.

11) Changes of volume were brought about both by swelling and by flak-
ing due to brittleness, so that the true changes of volume could not be
measured,

However, a general tendency for specimens to increase in volume by 4 to
5%, due to an increase in water absorbency after freezing and thawing, was
observed and the apparent density showed an increase of 0.01 to 0.02 as a
result of repeated freezing and thawling. This applied to all variletles, so
that no differences in quality could be inferred from this.

b) Change of penetration. The hardening of asphalt due to repeated
freezing and thawlng was measured by the change in penetration of the asphalt
mortar specimen. Table XXI gives the results.

¢) Changes of cohesiveness. The changes in cohesiveness due to repeated
freezing and thawing of the specimens are indicated in Table XXII and Fig. 17%.,
In Fig. 17 the dotted 1line gives the coheslveness value at the time of crack-
ing, the so0lid line that at the time of breaking.

L, Ovservations on the Test Results

(1) Exterior changes and changes in welght of asphalt applied to aluminium
panel.

a) External changes. Changes occurred even before 20 cycles of freezing
and thawing. Most of the regular asphalt specimens developed small pockmarks.
This seems to be because water penetrates the tiny air bubbles in the asphalt
and these erupt during freezing. As indicated in Table XIX this applies to
almost all of the regular asphalt specimens, although in differing degrees.

Pockmarks also appeared in blown asphalt specimens No.l4 and No.15.

* Flg., 17 omitted from original text.



-27-

Some of this may be due to the conditions of preparation of the specimen,
but as a general rule it appears that regular asphalt contains many air
bubbles.

However, after 40 freezing and thawing cycles almost all of these marks
had disappeared, leaving only a few slight surface irregularities. After 60
cycles no difference could be observed.

b) Change of welght. At the start of the experiment little change of
welght was expected, so that different sensitivitles of balance were used for
the initial and subsequent welghings. An accurate assessment can thus not be
stated, but in the values. of Table XX the weight of the aluminium panel 1is
included and the percent obtailned assumes the welght of the asphalt to be 25 g.

As 1s evident from Table XX, for both regular and blown asphalts weight
increases were recorded up to 20 freezing and thawing cycles, after which the
welght showed a tendency to decrease. Further investigations are needed to
clarify this phenomenon.

From the above results a) and b) it is difficult to draw any conclusions
on the relative merits of the different asphalts.

(2) Changes in asphalt mortar

a) Penetration

Comparison of regular and blown asphalts from Table XXI produced Table
XXIII.

That is to say, repeated freezing and thawing tends to decrease the
penetration. With respect to the rate of decrease there is almost no differ-
ence between straight and blown asphalt, but blown asphalt shows a smaller
absolute value of the penetration, so that the effect of changes in the soft-
ness must be considered greater for blown asphalts.

Penetration changes of over 10 are recorded for specimens No.3, 11, 12,
17, 19 and 24; with the exception of No.3, these are comparatively large
penetration values. The penetration of No.? is small, but the decrease is
large. In the case of No.17 there is a slight increase in penetration, but,
as shown in Table XXI, the variation 1s irregular. No.24 has an irregular
variation like No.1l7 and the decrease 1n coheslveness is small. Without
examining the quality, therefore, it would be difficult to base any assessment
on these results.

b) Change in cohesiveness

1) All the asphalts tested showed reduced cohesiveness after 100
cycles of freezing and thawing. In general, those that had high cohesiveness
at the outset still exhibited a high value after 100 cycles (see Fig. 18).
This can be said regardless of the variety of asphalt.
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11) In the case of stralght asphalts when penetration is high, high
coheslveness values are obtained both at the outset and after 100 cycles
(Fig. 19). The same holds for blown asphalts, with the exception of No.3, 8
and 21, as far as the initial values are concerned. After 100 cycles, however,
we find scarcely any connection with penetration (Fig. 20). The cohesiveness
after 100 cycles is lower for blown asphalt than for straight asphalt.

i1ii) For both straight and blown asphalt, it may be said that the higher
the softening point, the lower the cohesiveness at the beginning cycles and
the greater its recduction after 100 cycles. It is interesting to note here
that there 1s a clear difference with respect to the softening point in the
two types of asphalt (see Fig. 21).

iv) The above relation is too irregular to permit graphical representa-
tion. If new data are obtained according to crude oil and refining process,
a more definite result would probably ensue,

v) Comparing straight asphalt and blown asphalt, the ratio of the
aggregate average cohesiveness after 100 cycles to the initial values is 69.1%
for straight and 56.1% for blown asphalt, and the rate of decrease 1is greater
for blown asphalt. In general, for a given penetration the cohesiveness of
blown asphalt 1s often lower, probably because the forees binding the
individual grains of sand are comparatively small.

The thin coating of blown asphalt seems to be less resistant than straight
asphalt to repeated freezing and thawing. This difference 1s probably due to
the difference in binding powers of the two kinds of asphalt, in other words,
to the adhesiveness with respect to the grailns of sand,

(3) Wwith respect to the change in properties of asphalt due to repeated
pure freezing and thawing with the light excluded, the present tests suggest
the softer the asphalt the more durable it will be, and that stralght asphalts
can be sald to be superior to blown asphalts in this respect.

This is not in marked contradiction to the results of the outdoor exposure
tests. TFrom the supplement of creeping, straight asphalt is inferior, but this
could be dealt with by careful selection of the blowing process or by some
other method, or by planning the material and method of operation according to
where it 1s to be applied.

(4) To determine differences according to crude oil it would be necessary
to choose the varleties systematically.

(5) As test methods for asphalt, study should be carried out using the
Fraass brittleness point, the Schott abrasion test and others.
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0.

17 Yatsuhashi 29 28 56.5 | 26.7 58 58 0.00 .0 - - 25.5 27.4 [26.1 [21.0
18 Klamono 20 - 308 | 29 19 >145 F >130 54 64 0.003 .62 - - 20.2 21.8 {28.0 |30.0
19 Niitsu 27 18 >145 | >130 51 58 0.002 .11 - - 10.6 22,1 j29.0 | 38,3
20 Innai 26 32 >150 | >130 Lg 54 0.02 .85 - - 17.0 25.6 {27.4 {30.0
21 Klamono 10 - 20B | 12 13 3 2,6 81 30 0.005 .35 1.006 | 0.054 29.5 21.1 {24.3 .1
22 Klanono 15 15 2.2 1.7 | 97 | 99 | 0.05 . 47 0.678 [ 0.030 |  40.2 32.2 [17.1 .5
23 Kurait 20 - 30B | 24 22 2.2 2,6 90 90 0.11 1.5 .20 0.839 | 0.048 36.6 26.3 [19.8 .3
24 Toriumi 10 - 20B | 24 33 4.5 | >130 67 55 0.387 8.8 .84 - - 17.7 14,0 |28.2 .1
25 Arabia 2 18 17 22| 2.2 | 100 | 100 | o.080 2.5 .73 3.092 | 0.178 |  30.6 25.1| 6.7 |37.6
26 Arabia 20 - 30B | 26 27 3.2 3.0 80 86 0.043 3.2 .76 2.8401 0.169 27.4 24.4 18,2 | 30.0
27 " 30 -~ boB | 32 32 3.5 3.1 90 81 0.046 3.5 .78 3.104 | 0.180 27.3 29.2 [19.7 .8
28 {Compound ) Compound | 16 31 22,2 2.4 103 101 0.041 2.3 .74 3.019 { 0.167 33.6 Z Z

* TaJima Applied Chem, Co, Ltd, 8 "
Note: B denotes "blown" material and S denotee "straight-run” material.

##* Test results of Hokkaido Univ,

*+## The rest

are test results

of Showa Petroleum Co.

-6~
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Table X1

Distribution of properties

Quantity
Properties of spec-| B* S¥ Specimen number
imens
Penetration| Below 15 6 6 0]/3,7,9,13,21,22
16 - 20 3 3 0]2,25,28
21 - 25 6 5 1 6 s 4,5, lu 23, 24
26 - 30 6 2 4 17 18 19,20;10, 26,
Above 31 T 3 4 1,11,12,16;8,15,27
Ductility Below 5 16 16 0
6 - 15 4 3 1 6;3,21,2U
(56.5) 1 o 1117
Above 100 7 0] 711,11,12,16,18,19,20
Softening 41 - 60 9 0 9 | A1l straipht
point °C 61 - 75 1 1 0] ?4
Above 91 8 8 0182,3,7,9,13,22,25,28
Temperature | Below 2 3 3 0]13,22,23
suscepti- | 2.1 - 4.0 12 12 0
bility 4,1 - 6.0 2 2 018,10
6.1 - 9.0 1 1 o]2h
11 - 30 4 0] 4111 17,18,28
31 - 50 2 0] 2 6,12
Above 51 3 0 3]1,16,20
Evaporation | Below 0.009 12 7 5 §51;i18’1953’9’13’1”’
loss )
1,11,12 20;2,“,5,7 8
0.010- 0.049 13 9 4 25,26,2? 29
Above 0.050 3 3 0 | 22,23,24,28
Penetration | Below 80 2 0 216,18
after evap 81 - 85 4 3 1 é7;2,3,24 8
oration _ 11,19;5,7,6,9,10,21,
86 90 12 9 3 22 27 . .
1, 12 20;4,13,14,15,25,
Above 91 10 7 > 26,2é
Flash point | Below 240 3 3 0]8,23,24
°c 241 - 270 2 2 07,22
271 - 300 8 6 2 % %2 52 %o % 28’36 57
‘ 1 T, 1 0;
Above 301 15 8 T 5 9,14,15,21
Sulphur Below 1.5 9 3 6]1,16,17,18,19,20;7,8,21
content % 1 6 2.5 4 2 2 12;6,22,23
- 3.5 2 2 025,27 " "
92,3,4,5,9,10,13,1
Above 3.6 13 12 1 15,24, 26,28 ’ ’
Soluble in Below 99.0 2 0] 2 117,20
carbon 99.1 - 99.3 2 0 2 116,19
tetrachlo- | 99.4 - 99,6 4 4 01]9,10,21,22,25
ride % Above 99.7 18 13 5
Soluble in Below 60 9 9 0] 2 7 9£13,21,22,25,26,28
naphtha % 61 - 70 10 9 1 5)8’ 10) 1u115123)
71 - 80 4 1 3 16 20;6,24
Above 81 5 0 5 1,11,12,18,19

* B - quantlty of blown asphalt; S - quantity of straight asphalt



III

Table

Testing method

No.of
test
Location Environmentv Exposure | Exposure Duration Assessment of iﬁeg— Temperatu
started ended results by (fgrs mp re
each
kind)
Observation and Direct radiation
Tokyo Univ. ﬁgﬁgo’rgg?tgg ?ggé ngl 5 yr 5 mo| determination 4 max. 53°C
’ of properties* nin., -8°C
Sapporo Cilty, Feb. June . Total average
Hokkaido Univ, rooftop 1956 1958 2 yr 4 mo| Observation 4 temperature L4°C
Tokyo,
Observation and
Ta.jima Adachil Ward March May : » Direct radiation
J (factory area) 1956 1961 5 yr 2 mo _zggi:iglvity 2 max. 68.5°C

on ground

* On completion of exposure,
penetration, softening point and ductility were measured.

*¥%¥ The conductivity test determines whether a crack has reached the aluminium panel, from the electrical
conductivity between the surface of the test material and the aluminium panel, using an electrolyte

(3 parts water, 1 part methanol, table salt 3%).

the test material was removed from the specimen,

remelted and the

]
A8,
=

1
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Table IV
Excellent: o
Results at the various test sltes Good A
Fair HEP
Asphalt Composite
o Tokyo Univ. Hokkaido Univ, Tajima (yr) Judgment
2 o o o (3.5) .0
3 o A o (3.5) o
4 o o o (4) o
5 o o o (4) o
7 x A x (1) x
8 x x x (1) x
9 A X A (2) A
10 o o o (4) o
13 A A A (2) A
14 o o o (3.5) o
15 A o o (4) o
21 X x x (1) x
22 x x x (1) x
23 A A A (3) A
25 A A A (2) A
26 o o A (3) o
27 A o o (3.5) o
o8 x A A (2) A
Basis of | After 5 yr 5 mo| After 2 yr 4 mo| No. of years till| o: No cracks more
Judging | of exposure of exposure cracks occur on than 2 sites
0: no crack o: no crack over 2/3 of spec-| A: Few cracks
A: few cracks A: few cracks imen surface more than 2
x: many cracks x: many cracks o: over 3% years sites
A: 2 - 3 years x: Many cracks
X: 1 year more than 2
sites




Properties after 5 years 5 months of exposure at Tokyo University

Table V

Penetration (25°C 100 g 5 sec) Softening Point (°C R and B) (Eggt%ééfg)

As§2alt Before | After | Pifference Before| After Differcnci, Before | After
expos. | expos. | po.rease Decﬁiase expos. | expos. | g, eoce Incégase expos. | expos.

2 17 8 9 53 100 127 27 27 3.0 <0.5
3 14 9 5 36 96 119.5 23.5 25 2.0 <0.5
4 24 11 13 54 85 113 28 33 3.5 <0.5
5 22 10 12 55 79 114 35 4y 3.5 <0.5
7 15 7 8 53 93 130 37 4o 2.0 <0.5
8 33 5 28 85 79 137 53 > 4.0 <0.5
9 15 8 7 b7 103 133.5 30.5 30 3.0 <0.5
10 27 12 15 56 77 105.5 28.5 37 5.0 <0.5
13 15 10 5 33 104 138 34 33 2.0 <0.5
14 24 10 14 58 90 136 L6 51 2.5 <0.5
15 34 10 24 71 79 130.5 51.5 65 3.5 <0.5
21 12 6 6 50 81 111 30 37 3.0 <0.5
22 15 8 7 g 97 130 33 34 2.2 <0.5
23 o4 8 16 67 90 128 38 4o 2.5 <0.5
25 18 8 10 56 100 127 27 27 2.2 <0.5
26 26 11 15 58 80 125.5 45.5 57 3.2 <0.5
27 32 11 21 66 90 127.5 37.5 4o 3.5 <0.5
28 16 8 8 50 103 142 39 38 2.2 <0.5

Note: Measured values by Showa Petroleuwm, Showa Chem. Ind,

-{{..



Properties after 5 years 5 months of exposure at Tokyo Unlversity

Table VI

(Stralght asphalt)

Asphalt

Penetration (25°C 100 g 5 sec)

Softening Point (°C R and B)

Ductility
(em) (25°C)

no Difference Difference

: Before| After = Before | After » Before | After
exXpos. | eXPoS. | poareage Dec;Zase @XpOs. | eXPOS. | .. coco IncfZase expos. | expos.

1 36 17 19 53 52 64 12 23 >140 77
6 24 9 15 63 55 78.5 23.5 3 15 <0.5
11 49 17 32 65 L6 70 24 52 >150 13.5
12 37 13 24 65 56 71.5 15.5 28 >150 6.5
16 37 14 23 62 L3 69 21 Ly >150 9.5
17 29 12 17 59 58 88 30 52 56.5| <0.5
18 29 14 15 52 54 75.5 21.5 Lo >150 3.5
19 27 8 19 70 51 75 24 it >145 1.5
20 26 10 16 62 48 72 24 50 >150 3.5
24 24 10 14 58 67 75 8 12 14.5| <0.5

Note: Measured values by Showa Petroleum, Showa Chem. Ind.

_17€_



Table VII

Relation between [(flash point) - 2 ( softening point)]
and weather resistance

Showa Petroleum - measured value Tajima Applied Chem, - measured value
{(f1ash point) - 2 (softening point)]{ [(flash point) - 2 (softening point)]
Weather

resistance* Over 120°C | Below 120°C | Total Over 120°C | Below 120°C | Total
Good 9 0 9 8 1 9
Bad 1 8 8 1 8 9
Total 10 8 18 9 9 18
Examination| x2 = 14,4 >x02(0.005) 7.88 x? = 10.9 >xo=(o.oos) = 7.88

* Composite assessment from Table II. o for good, A and x for bad.

Table VIII

Penetration after exposure

Weather
resistance

Penetration after exposure

o (no cracks)
A (few cracks)
x (many cracks)

8,9,11,12,10,11 (average 10.1)
8,10,10,8,8,11 (average 9.2)
7,5,6,8,8 (average 6.8)

Results of exposure test at Tokyo University.

-g{-



Table IX

Properties of test material

nsphate | STUGS 90 | SOLtentnS | FoRSETIb0 R | Duetiltty | Densticy | TETREHR | e ey
no. area °C 5 sec] cm g/ce % %
2 Abqaiq 100 17 2.7 1.0417 7.98 0.37
3 Qatar 97 17 2.7 1.0382 2.86 0.54
4 Abqaiq 87.5 21 3.1 1.0408 4,67 0.54
5 Agha Jari 85 21 3.2 1.c408 6.30 0.53
7 Asahikawa gl 14 1.6 1.0465 2,44 1.34
8 " 86.5 26 3.3 1.0368 2.06 1.58
9 Arabia 102 14 2.4 1.0490 2,84 0.42
10 " 75.5 27 L7 1.0444 7.76 0.49
13 n 97.5 17 2.6 1.0470 9.03 0.52
14 1 88.5 27 2.7 1.0343 3.82 0.54
15 " 84,5 32 3.3 1.0306 5.67 0.53
21 Klamono 90 13 2.6 1.0492 6.24 0.35
oo §$$§§2° 99 15 1.7 1.0431 6.04 0.39
23 " g0 22 2.6 1.0382 4 42 0.49
25 Arabia 100 17 2.2 1.0440 4,46 1.05
26 n 86 27 3.0 1.0390 7.14 0.87
27 " 81 32 3.1 1.0321 3.18 1.07
28 n 100.5 21 2.4 1.0Lo4 7.54 0.93

* Paraffin content was by the U,0.P. method (see ref. 4 on p. 19).

—9 g_.
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Table X

Durability test results

No. ofogggggisixposed Accelerated aging tests
Asphalt
AWIDEX | Iieial | CROACIANCS | wp-2 | c-2 c-1 | 51-9¢
conductance of are; method | method | method | method
2 50 42 A 6.5 30 Loo
3 36 L2 A 7 17 Loo
4 36 L8 e} 8 25 616
5 4o 48 o 8 25 Loo
7 12 12 X 3 22 360
8 12 12 X 6 15 240
9 12 24 X 6 15 360
10 L2 L8 m 7 27 480
13 12 24 A 6 22 360
14 36 42 A 4 30 -
15 36 L8 m 8.5 30 616
21 12 12 A 3 15 360
22 l2 12 x 4 8 180
23 30 36 x 7 30 4oo
25 12 24 A 4 20 360
26 36 36 A 4 23 527
27 36 42 m 4 27 616
28 12 24 X 4 20 300

* For outdoor exposure test method, see Part 2.

Note: Methods of determining durability symbols and nwnbers in
Table XI are as follows: :

1. Natural exposure: left-hand coluin - no. of months at which
conductance first detected; right-hand column - no. of months
at which conductance found over two thirds of the test-specimen
area,

2. In WE-2, the condition of the test material after 700 hours is

shown by symbols used in Sec. 3(1).

In C-2 the number of cycles at which conductance first detected.

In C-1 and 51-9C, the no. of cycles and no. of hours at which

conductance found over two thirds of the specimen area.

=0l



Table XI

Relation between natural exposure

and accelerated aging (WE-2)
Acceleration
method 3
Natural ° A x
exposure
o) 2 4 0 6
A 0] 2 2 4
X 0 1 4 5
3 2 7 6 15
Note: Natural exposure 5% years (at Tokyo Univ.)
Acceleration method 700 hours
Table XII
Type and properties of other asphalts
Soluble in
ﬁiﬁggit Crude oll Kind Penetratilon Sgiﬁinigg Duc;%}éty tetra-
P chloride %
29 Venezuela Straight 25 60 150 + 99.47
30 Venezuela Blown 22 83 4.0 99.20
3] Klamono Straight 58 4g.2 150 + 99.35
32 Niitsu Straight 14 60.5 150 + 99.19
33 Shonai {Innai) Straight 17 59.4 150 + 99.03
34 Johns Manville Co. make —_ 14 g1.2 3.7 98.82

_8£_



Composition of compounds

_39_

Table XIII

Specimen| Asphalt Additives

number used Kind Amount added
1 | No. 18

35 - -
2 23
1 18

36 Miiro rubber 13
2 23
1 18

37 Powdered rubber 15
2 23
1 18

28 Celite 6.5
2 23
1 18

39 Sunlight 6.5
2 23
1 18

4o Radiolight 6.5
2 23
1 18

4 Polybutene 1.0
2 23
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Table XIV

Alkall resistance test results (ealetum hydroxide ssturated solution)

Chengea (no. of weeks clapscd)

Hote 11 A - does not aeem to

have changed

B - seems to have changed alightly C - acems to have

changed

D - seems to have changed

::’F”‘E:‘l"t e Pc:i::a_ 4 31 34 a8 61 7 110
1 st. 30 - 40 |No change | Same e left ?}ightly 1ight g:g;f:li;ﬂ:tcﬁsish S1ightly brown Complctely chocolate colour ?:gggéa::esoig‘;:klen)
2 Bl. |10 - 20 |Whitish | Same as 1ert | Groy brown Light grey Y LSRRGSR S i hed g u
) Bl. |10 - 20 [Wnitian | Samc as left | Grey brown Light grey conpletely light g;z{(‘f’cz,"ng‘]’;iﬁ;yg;é;h;rgxy
4 B1. 20 - 30 | No change | Same as left [ Light grey Saiie 885 lcft gi:‘:x;letely light Completely light grey .igc{é
5 Bl. 20 - 20 | No change | Saric as left | Light grey g;g{(‘f:giéghgrgzzy g:gletely light g:z;f:cgﬁ;\g;::i;ygxl-:?;rg:y 1310 'ﬁﬂig
6 Bl. 20 - 30 [ No change | Sane as left | Same as left Same as left Same as left Same a8 left cglﬂ‘t;zgﬁom‘mg (small
7 Bl. 10 - 20 | Whitish Same a5 left | S1ightly brown Grey brown Same as left Completely light grey all over 1418
. 8 Bl1. 30 - 40 | Whitish Samc as 1left | Brown ga“;:tg:-:;-:mm Grey brown Conpletely grey brown all over lzgg - 1::;;
g Bl. 10 - 20 | No change | Same as left | Light grey Same as left Same as left Completely light grey all over 1322 - Ei;
10 Bl. |20 - 30 |No change | Same as left | Light grey Same 88 left Same a0 left g:‘;:f’cg;z';;i:i;ygﬁf‘ﬁrgﬁy 1310 * G;ﬁ;
11 St 40 - 60 |No change | Same as left zrel%;.‘“y Ugnt Same as left Same as left ?:::‘Eiit:i{n;?::olste colour {Whole sres wrinkles)
12 St. |30 - 60 | No change | Same as left | Slightly brown ?iﬁ{“ﬁgs‘;r“" 2335“"” light fgﬁﬁtf‘}_m;‘gggmte colour (Small wrinkles)
13 Bl. 10 - 20 [ No change | Light grey ;}S‘Zu;letely light Same as left Same as left g:z:::cg:g\‘l):::i;ygxl-é?gmg:f\y - i“:ig
14 Bl. |20 - 30 | No change | Light grey zf,e'“gletely Heht | sone as lert Same as left gg;tcgggﬁi:f;yg{é?‘imﬁy 1310
15 Bl. 30 - 40| No change | Light grey Zgz\gletely lght Same as left Same as lcft gzzt:cgg;?::ziiygxlé?gmﬁy g%
’ 16 St. 30 - 40| No change | Sume as left | Slightly brown Samc as left Same a3 left S1ightly chocolate colour all over f:l;l;k::deft (amal1
17 St. 30 - 40| Ko change | Same as left | Sliphtly brown Grey brown Same as left g:z:::z;;i‘;:;{;;?:;lg:':n over ff_":*i:“%ert (mmall
18 St. 20 - 30| No change | Sume as left | Grey brown Brown Same aa left ;T:?:c:;;ﬂ:é{ycgglla’:‘:n OVET | Same as left
19 St. 20 - 30| No change | Same as left | Same as left Same as lcft Same as left Same as left :giﬂli‘:g:}oﬁggnssmu
20 St. 20 - 30| Ho change | Same as lecft iié?‘“y 1ight Same as left Same as left Same as left Same as left
21 Bl. 10 - 20| No change | Sare 88 left ‘;l{éym“y 1ight Light grey Samc ea left gg;?zcgi‘;%::;{yli?;tg;:y 22
e2 Bl. 10 - 20 | No change | Same ag left | Grey brown ggr:e;l‘etely grey gigz; ochre gg:::cg:gézzi;ybxlég‘nt grey 1419 -Gg?g
23 Bl. 20 - 30| No change | Same as left | Grey brown gs;m'ietely grey z::’}:z; ochre Completely grey brown all over 1210
24 Bl. |20 - 30| Mo change | Same as left | Brown Same aa left f:;_"ﬂzg:é brown gez‘f_lfgﬁé{lc:gm‘;::)”m“’ all ﬁg%g (Small wrinklea)
25 B1. 10 - 20 | No change | Light grey (;!m;;letely lignt Same as left Same aa left Lﬁ:fzcgsgéz:i;y;é?;rg:y . i;ig
26 Bl. |20 - 30| No chenge [ Licht grey | Somplecely MEC1 game ap lere Same ma left B oo Lo vy Taent ey b
27 Bl. [30 - 40| Mo change [Ligne grey | Soubletely MeRU| sane ag tere Same aa left B o ey e By 1310
28 Compd. (16) | No change | Light grey g;::;slel.ely Ueht | same s lert Same as left g::::f:cgsgl;:::;;ygié?;mgfny - Big



Acid resistance test results (805 sulphuric acid)

Orade changes (no. of wecks clapsed)
| e | B - p
Horizontal ) Abraded from lower part,
1 St. 30 - U0 wrinkles Sanic as left | Same as left [Same as left Same as left ggiézontal wrinkles,
2 Bl1. 10 - 20
3 Bl. 10 - 20
4 Bl. 20 - 30
5 Bl, 20 - 30
& B1 20 - 30 :lgx;]z(iggal Saine as left | Same as left |Same as left Same as left Same aB left
7 B1 10 - 20
8 Bl. 30 - 40 |Bulge Saiic as left | Sawe as left | Sawc as left egxl.%iéa?izrla)t:lils)l?‘zrmed xsgiegrgitgzéggd‘ atr
\
9 Bl. 10 - 20 Middle part bulged Same as left
10 Bl. |20 - 30 Lower part bulged Lower part bulged,
Liquid surface
11 St. 30 - 40 horizontal Sane as left Same as left
wrinkles
B Liquid surface
12 St. 20 -~ 60 horizontal Same as left Same as left
wrinklea
13 Bl. 10 - 20
14 Bl1. 20 - 30
15 B1. 30 - 4o
Liquid surfaece
16 St. 20 - 40 |horizontal Same as lelt |Same as lefi | Same a3 left Sane as left Abraded from lower part
wrinkles
17 St. 30 - 40 [Abrasion Same as left | Same as left | Same as left Same as left Same as left
18 St. 20 - 30 . Horlzontal wrinkles Same as left
19 St. 20 - 30 |Abrasion Same as left | Same as left | Same as left Same as left Sane as left
20 St. 20 - 30 |Abrasion Sam¢: as lef't | Same as left | Same as left Same as left Same as left
21 Bl1. 10 - 20
2 | B [10-e0 Sodurion enterea
23 Bl1. 20 - 30 Solution culoured]Sanc as loft Same as left
Horizontal
24 B1. 20 - 30 ‘é’gighigg'sf;juc’“ Same as left Same as left
much
25 Bl. 10 - 20 B
26 B1. 20 - 30
27 Bl. %0 - bo
28 Compd. (16) ]




Table

Xxvi

Results of acid resistance test of compounds (80% sulphuric acid)

Changes (no. of weeks elapsed)

ﬁigggit Additives | Asphalt
! 12 26 32 Lg
1 No.18 ggaggisin Crumbled | Complete collapse
7 Cracks in
racks
2 23 60 days Crumbled | Complete collapse
1 18 glo"ag]g;sin Crumbled | Complete collapse
7 Miigger Cracks in
2 23 60 days Crumbled | Complete collapse
1 18 ggaggsd;;s Crumbled | Complete collapse
Pou d B
o1 gﬂgsgi Cracks 1n
2 22 30-70 days Crumbled | Complete collapse
1 18 ggagfisin Crumbled | Complete collapse
“J
38 Celite
2 23 ggaggisin Crumbled | Complete collapse
1 18 Sgaggisi“ Crumbled | Complete collapse
~
39 Sunlight
2 27 ggaggzsin Crumbled { Complete collapse
Cracks in : ]
1 18 30 days Crumbled | Complete collapse
40 Radiolight
2 23 $gag§;sin Crumbled | Complete collapse
Cracks in
1 18 40 days Crumbled | Complete collapse
41 Polybutene
2 23 ﬁgaggsd;;s Crumbled | Complete collapse

-2



Table XVII

Results of acild resistance tests of other asphalts

Crude o1l Acid, salt Changes (no. of weeks elapsed)
ﬁiEEZit kind and ' Concen- z on ! s
penetration Type tration 15 21 34 %] &0 68 8E 104 112 120
% Transformed,
1 HaS04 80 upper part Comp. tra..s. Same as left Sarme as left | Sane as loft | Sanme as left
discoloured
2 H,ySO0. 50 Transformed Comp. trans. Same as left Sare as left | Same as left | Same as left | Sa:e as left
29 3 gg?eggela H2S04 12 Transformed Same as left Same as left Saie as left | Same as left | Sane as left | 3awc as left
4 HC1 10 Comp. trans. Same as left Sane as lcft | Same as left | Same as left |Sane as left
5 (NH4)2S04 15 Transformed Comp. trans. Same as left Same as left | Saie as left |Sare as left |Saume as leflt
Hazy, solu~
1 HzS0. 80 tion sl. dis- S1. trans, Same as left Same as left | Sanie as left | Same as left
coloured
2 H,804 50 S1. trans. Sarme as left {Samc as left
30 [ 3 | feneziela [y so, 12
4 HC1 10
5 (NH4)2804 15
1 HaS0. 8o Transformed Comp. trans. Same as left Same as laft | Sane as left | Sane as left
P4 H2804 50 Transformed Comp. trans. Same as left Sare as left [ Sawe as left | Same as left |Sane as left
31 3 ééamono St. H2S04 12 Transformed Comp. trans. Same as left Same as left | Same as left { Sane as left |Saie as left
4 HC1 10 Transformed Comp. trans. Same as left Same as left | Same as left |Same as left | Sauwe as left
5 {NHa4 )2 SO4 15 %:a?:goggsgtal) Comp. trans. Same as left |Saiie as left {Samc as left | Sene as left |Sane as left
1 H2SO0. 80 Transformed Conp. trans. Same as left Same as left | S8ame zs left |Same as left
e HaSO0. 50 Transformed Comp. trans. Same as left Sane as left | Same as left | Same as left |Sare as left
22 3 ?iitsu St. H2S04 12 Transformed Same as left Same as left Samc as left | Same as left |Same as left |Sare as left
4 HC1 10 S1. trans. Sare as left | Same as left |Sawe as left {Same as left
5 (NH4)2S504 15 Comp. trans. Same as left |[Saeme as left | Same as left [Sare as left [Same as left
1 H,y804 80 zigﬁséaigi:a Comp. trans. Same as left Same as left { Same as left | Same as left
2 HaS804 50 Transformed Comp. trans. Same as left {Same as left | Same as left |Same as left | Same as left
330 3 ?gﬁgii) St. | HyS0, 12 Transformed Same as left Same as left |[Sane as left | Same as left |Sare as left [ Sanc as left
4 o HC1 10 Transformed Same as left Sare as left | Same as left | Same as left | Same as left
5 (NH4)2S04 15 Conp. trans. Same as left Same as left | Same as left | Same as left |Same as left
1 HaS0. 80 golutlon sl S1. trans. Same as left Sawe as left | Same as left |Seme as left
2 H2804 50 81, trans. Same as left Same as left | Same as left | Same as left | Same as left
341 3 ?gﬂgound H,S04 12 S1. trans. Same as left [Same as left | Same as left | Same as left | Same as left
4 HC1 10 Surface grey Same as left [Same as left | Same as left | Same as left | Same as left
5 (NH4)2504 15 S1. trans, Same as left |same as left | Same as left | Same as left | Same as left

NOTE: Comp. trans, = completely transformed; Sl. trans. = slightly transformed; Trans. = transformed

el
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Table XVIII

Physical properties of sand

Grain size distribution

Mesh silze Percent of Welght per unit volume
(mm) grains passed
1.750 kg/1
1.2 100
0.6 78
0.3 24 Density 2.76
0.15 2 Absorbency 0.5%
0 0 '
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Table XIX

Changes in external appearance of asphalt coatings
on aluminium panel

No. 20 cycles Lo cycles 60 cycles on
1| 7| fany gope stogey, e some | eet of ptts alsappeared. | sane oo sert
2 Z gﬁzggzome gloss but no Same as left Same as left
3 Z Same as above Same as above Same as above
L Z Same as above Same as above Same as above
5 Z Same as above Same as above Same as gbove
6 Z ?gitpgzsgé?gsémsg?gnggi' Most of pits disappeared gé%?:gggozg Bl
7 2 No change Same as left Same as left
8 Z Same as above Same as left Same as above
9 Z Same as above Same as left Same as above
10 Z Same as above No change Same as left
n [ 3] tosy g 1areie close, & [ pice siseppeared, vecome | sone g5 recs
12 Z ?22? as above (pits very g&gsedisappeared, Bame a8 | g o a5 left
13 YZ No change No change Same as left
14 Z g?;t-ngi s%ogiémgtgi,Of :%;gldézgsgzared but Somewhat smooth

average 5 for 1 cm?

Continued
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Table XIX - continued
No. 20 cycles 40 cyeles 60 cycles on
3 Lost some gloss, pits of
15 1 0.5 - 2.8 nm diameter Same as above Same as above
i3 3
' average 9 for 1 cm?
~ | Poor in evaporating water,
16 ﬁ many pits 0.3 - 0.6 mm gﬁztﬁgﬁgeuﬁgszﬁngggOth Somewhat smooth
diameter, lost no gloss B
3 ILost no gloss, evaporat-
17 L | ing water good, but some Somewnat smooth Samc as left
" pits 0.3 - 0.8 mm diam.
Evaporating water good,
18 '2 many pilts 0.2 - 0.5 mm %gi: izsgghness but sur- Somewhat smooth
no change 1in gloss
- | Evaporating water good,
3 M ] Almost smooth, surface
19 I g;tglgggy few, no change resembles O time Same as left
3 | Many pits 0.3 - 0.5 mm, Unevenness remains but
20 14 10st no gloss smooth Smooth
21 Z No change Same as left Same as left
rd
22 ﬁ Same as above Same as above Same as above
23 2 Same as above Same as above Same as above
- | Lost no loss but big
24 ﬁ pits g - 1.2 mw cm2 g;ggtgecome somewhat Same as left
average 20)
25 Z gﬁzggzome gloss but no Same as left Same as left
26 Z No change No change No change
rd
27 ﬁ Same as above Same as above Same as above
28 z Same as above Same as above Same as above
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Table XX

Changes 1n weight of asphalt due to repeated
freezing and thawing (%)
No.| 20 so | wo [ | 20 50 | 140
| cycles | cycles | cycles | eycles| cycles | cycles
1 | +1.55 | *0 -1.02 {15 { +1.86 | +0.16 | -0.05
2 | +1.54 | +0.32 | +0.13 || 16 | +1.03 | +0.47 | -0.09
3 | +1.55 | +0.38 | +0.20 |{ 17 | +1.56 | +0.28 | -0.07
4 | +2.02 | -0.51 | -0.65 | 18 | +1.57 | +0.22 | -0.18
5 | +1.47 | *o -0.12 [ 19 | +1.04 | 0 -0.11
6 | +1.01 | *o -0.25 |20 | +1.03 | +0.05 | -0.14
7 | 40.90 | -0.59 | -0.75 || 21 | +1.54 | +0.25 | +0.05
8 | +1.56 | *o -0.21 || 22 | +0.54 | +0.22 | to
9 | +1.46 | *o -0.23 |[23 | +1.10 | -0.18 | =0.24
10 | +1.04 | +0.42 | -0.58 || 24 | +1.60 | +0.59 | +0.25
11 [ +1.01 | +0.02 | -0.35 (|25 | +0.92 | %o -0.38
12 | +1.51 | +0.06 | 1o 26 | +1.64 | +0.20 | -0.12
13 | 41.99 | +0.27 | +0.09 |27 | +1.65 | %0 ~-0.19
14 | +1.46 | -0.20 | -0.44 |28 | +2.01 | +0.39 | *o
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Table XXI

Changes 1n penetration of asphalt mortar due to
repeated freezing and thawing

100
No. 0 20 Lo 60 80
100 % Difference

0 | 232 230 228 227 225 223 96.12 9

1 | 111 110 110 108 107 104 93.69 7

2 26.3 | 26.1| 25.5( 24.8) 24.0| 21 79.84 5.3
3 24.5| 24.0] 23.0| 21.0| 18.5| 14.5| 59.18| 10.0
4 30.5| 30.0! 29.0| 28.0| 27.5| 26.5| 86.88 4.0
5 37.0| 36.5| 35.0| 35.0| 34.4| 32.5| 87.83 4.5
6 63.0| 62.4| 61.0| 59.5| 58.0] 56.0| 88.88 7.0
7 19.0 | 19.0| 18.4| 18.3| 18.0f 17.5| 92.10 1.5
8 43,0 U41.5| 40.2| 39.0| 37.7| 36.8| 85.58 6.2
9 22.4 | 21.7| 21.0( 20.4| 19.2| 17.4| TT7.67 5.0
10 50.0 | 49.5 | u48.6| 47.5| 45.4] L44.5| 89.00 5.5
11 | 111.5 | 110 106 102.7 | 99.41 97.5| 87.44| 14.0
12 | 127.0|125.4 | 124.0( 121.5 | 117 111.3 | 87.63| 15.7
13 23.0| 22.7| 22.0( 19.5]| 186 17.5| 76.00 5.5
14 36.4 | 36.0| 35.0| 35.0| 33.0| 29.4| 69.67 7.4
15 55.0| 52.6| 52.0| 51.4| 50.0| 47.2| 89.05 5.8
16 | 108.3 | 107.7 | 107.3 | 106.3 | 105.0| 102.7 | 94.82 5.6
17 67.7| 82.3| 77.3| 87.0| 91.9| 86.9| 128.36| +19.2
18 68.2 | 67.5| 66.4| 64.5]| 62.5| 59.0| 86.51 9.2
19 6u4.7| 63.8| 62.5( 68.0| 57.0| 52.0| 80.37| 17.7
20 | 118.0|117.6 [117.0| 115.0 | 113.5( 111.2 | 94.23 6.8
21 16.5| 15.5| 15.4| 14,0 12.6| 11.0| 67.48 5.5
22 27.0| 26.5| 26.3| 25.6| 24.3| 23.0( 85.18 4o
23 35.5 | 35.0 | 34.2| 33.0( 31.5| 30.0| 84.50 5.5
24 1108.1 | 68.0| 96.5| 90.7 [ 100 91.8 | 84.92| 16.3
25 22.1 | 21.6 | 21.5( 21.0| 19.0| 16.0| 72.39 6.1
26 35.3 | 34.0| 32.2] 28.3| 27.5 25.4] T1.95 9.9
27 48,0 47.8 | 47.5( 47.0| 41.0| 45.4| 94.58 2.6
28 25.0| 24.8| 24.5| 23.7| 22.0f 20.5| 82.00 4,5




Table XXII

Changes 1n coheslveness of asphalt mortar specimens

due to repeated freezing and thawing

Classifi- Soften- 0 cycles 20 cycles L0 cycles 60 cycles 80 cycles 100 eyeles
No | °i:é°2 Peﬁitra' ing point | Cohe- Cohe Cohe Coh Cohe Cohe
' t?gn cga;s on %oc) siveness si;ene;s % sivgne;s % siven:;s % sivené;s % sivene;s %
0| S 100 - 150 140+ - 21.7 25 90.3 18.7 67.5 15.3 55.2 12.7 45.8 11.3 40.8
118 30 - 40 25 52 21 16.7 79.5 15.3 72.8 14,3 68.1 13.3 63.3 10.7 50.9
2B 10 - 20 17 100 15.3 15 98.0 13 85.0 12 78.4 10 65.4 8.7 56.9
3!B 10 - 20 14 96 21.7 19 87.6 14.3 65.9 14 64.5 11.7 53.9 11.3 2.1
41 B 20 - 30 24 85 19 18.7 98.4 16.7 87.9 14 73.7 9.7 51.1 9 47.4
5B 20 - 30 22 79 16.7 15.3 91.6 13.3 79.6 13.3 79.6 11 65.9 11.3 67.7
6S 20 - 30 14 55 4.7 14.3 97.3 12 81.6 12.3 83.7 12.3 83.7 10.7 72.8
71B 10 - 20 15 93 12.3 12 97.6 9.7 78.9 9.7 78.9 8.7 70.7 7 56.9
8B 30 - 40 33 79 10.3 8.7 84.5 7.3 70.9 5.7 55.3 5.7 55.3 5 48.5
9B 10 - 20 15 103 8 7.7 96.3 6 75.0 6 75.0 6 75.0 5.3 |66.3
10| B 20 - 30 27 77 29 25,7 88.6 23.3 80.3 22 75.9 22 75.9 21.7 T4 .8
11| S 40 - 60 35 L6 21 20.7 90.6 17.7 84.3 15.7 Th. 7 14 66.7 11.7 55.7
12]S 30 - 60 35 56 24 20.3 84.6 19.7 82.1 17.7 3.7 16.7 69.6 16.7 59.6
13| B 10 - 20 15 104 14,7 13.3 90.5 13 88.4 12.3 83.7 11 74.8 10.3 70.1
1418 20 - 30 24 90 15.3 14 91.5 12.7 83.0 12 78.4 11.7 76.5 8.3 54,2
15| B 30 - 40 3 7 17.7 13 3.4 12.3 69.5 10.3 58.2 9.7 54.8 8.3 46.9
16|18 30 - 40 27 48 20.3 18.7 92.1 16 78.8 4.3 70 .4 14 69.0 12.7 62.6
1718 30 - 40 18 58 21 21 100 19 90.5 17.3 82.4 14,3 68.1 12.3 58.5
18]s 20 - 30 15 54 18 16.3 90.6 14.7 81.7 15 83.3 13 72.2 9.3 51.7
19SS 20 - 30 11 51 13.7 12.3 89.8 11.7 85.4 10.3 75.2 10.3 75.2 8.7 63.5
20 S 20 - 30 24 48 20.3 19.3 95.1 18 88.7 17.7 87.2 16.7 82.3 15.3 75.4
21 |[B 10 - 20 12 81 20.7 18.3 88.4 15.7 75.8 15.3 73.9 13.3 64.3 10.7 51.7
22 |B 10 - 20 15 97 14 12 85.7 10 T1.4 8.7 62.1 7.7 55.0 6.7 47.9
23 |B 20 - 30 24 90 15.7 12 76.4 11 70.1 7.7 49,0 8.3 52.9 7.3 46.5
24 s 10 - 20 23 67 15,7 14,3 91.1 14.3 91.1 13.7 87.3 14 89.2 12 76.4
25 B 10 - 20 18 100 13.5 12.3 91.1 12 88.9 11.7 86.7 9 66.7 8.3 61.5
26| B 20 - 30 26 80 13.3 10.3 77 .4 10.3 77 .4 9 67.7 8 60.1 8 60.1
27 | B 30 -~ 40 32 30 21 16.7 79.5 14,7 70.0 13.7 65.2 11.3 53.8 9 42.8
28 Compd . 16 103 11 10.5 95.5 9 81.8 6.3 57.3 6.9 57.3 5 45.5

-6h_
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Table XXIII

No. of cycles of freezing and thawing

and change in average penetration

Tvpe Penetration | Penetration |Decrease in | Decreasing ratio
P at O cycles | at 100 cycles|penetration | of penetration
Straight 99.4 92.8 6.6 93.4
Blown 37.6 31.1 6.5 82.7

0 no cracks A few x many
(uneven) cracks cracks
Fig. 1

Natural exposure test results for blown asphalt
(Tokyo Univ. - after 5 years 5 monthsg

Coarse
foundation wrinkles wrinkles

Exposed Small

Fig., 2

Natural exposure test results for straight asphalt
(Tokyo Univ. - after 5 years 5 months)
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Penetration and cohesiveness after 0 and 100
cycles of freezing and thawing
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Softening point and cohesiveness after 0 and 100
cycles of freezing and thawing



